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A Survey of Preparative Methods 
for Aromatic Aldehydes 
By J. ELMORE JONES* 


ALL ALDEHYDE SYNTHESES in the aro- 
matic series can be divided conveniently 
into two groups: (1) methods by which 
the aldehyde group is introduced directly 
into an active position in the aromatic 
nucleus, and (2) indirect methods by 
which a group already present or one 
which can be introduced into the desired 
position is modified. 

Since the direct methods fail when 
meta-directing groups are present, they 

can be applied only to hydrocarbons and 
to compounds containing groups with 
ortho-para directive influence. Of the 
three direct methods, the Gattermann 
and N-methylformanilide syntheses give 
the best yields and are to be preferred to 
that of Reimer and Tiemann. 

The indirect methods often afford 
yields approaching those given by the 
direct syntheses and have the advantage 
of making available aldehydes in which 
the functional group is located in posi- 
tions other than those accessible by 
direct substitution. The Sonn-Miiller, 
Stephen, and Rosenmund methods of 
reducing acid (or nitrile) substituents 
are the more useful, whereas the methods 
typified by the halogenation and hydrol- 
ysis of toluene, the oxidation of toluene, 
and the oxidation of benzyl alcohol are 
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usually applicable only in specific cases. 
In the more highly substituted mole- 
cules encountered in organic synthesis, 
the methyl or hydroxymethyl groups 
necessary for the latter types of reactions 
are generally absent, and their introduc- 
tion would involve intermediates from 
which the aldehyde could be prepared by 


other methods. 


Direct Methods 


Gattermann’s original method, in 
which carbon monoxide and hydrogen 
chloride were allowed to react with an 
aromatic hydrocarbon in the presence of 
aluminum chloride, was quite successful, 
but its failure in the case of phenols and 
phenol ethers led to the substitution of 
hydrogen cyanide for carbon monoxide. 
This modified procedure, which has 
found extensive use, is usually employed 
with ether or benzene as a solvent in the 
presence of zinc chloride or aluminum 
chloride as a catalyst and at tempera- 
tures ranging from 25° for phenolic com- 
pounds to 100° for hydrocarbons (7, 2). 

With meta-dihydroxy compounds no 
catalyst 1s necessary; the imino formyl 
chloride (1) in equilibrium with hydro- 
gen cyanide and hydrogen chloride reacts 
readily with resorcinol in ether solution, 
forming the insoluble aldimine hydro- 
chloride which is easily hydrolyzed to 
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the aldehyde. Other phenols and phenol 


HN=CHC! (I) or 
ArH > 
HN= (II) 














ArCH==NH - HCl HOH 
or — + ArCHO 


ArCH=N—CH=NH:-HCl H+ 


ethers necessitate the use of a catalyst 
such as zinc chloride or aluminum chlo- 
ride; the former is more desirable since 
it has less tendency to cause the cleavage 
of phenol ethers. In reactions in the pres- 
ence of a catalyst, the intermediate is 
chloromethyleneformamidine (II), 
double compound consisting of two 
moles of hydrogen cyanide and one of 
hydrogen chloride (2). 

The application of this method to 
hydrocarbons afforded Hinkel and co- 
workers good yields of the corresponding 
aldehydes only under forcing conditions. 
The temperature was raised to about 
80°, excess aluminum chloride was used 
as a catalyst, and solvents of high chlo- 
rine content such as tetrachloroethane 
and o-dichlorobenzene were employed. 
Chloromethyleneformamidine was the 
intermediate in this case also, high tem- 
peratures being necessary to liberate it 
from its aluminum chloride complex (in 
the absence of ethers) and to increase 
the speed of its combination with hydro- 
carbons. 

In order to avoid handling liquid hy- 
drogen cyanide, Adams replaced it by 
zinc cyanide(_?); thus both hydrogen cya- 
nide and zinc chloride were generated 
in the reaction mixture. Generally this 
modification does not affect the yields 
adversely, but the use of other cyanides 
as a source of hydrogen cyanide has not 
been very satisfactory. In some cases, 
the addition of small amounts of potas- 
sium chloride exerts a catalytic effect. 

The production of aldehydes by the 

action of N-methylformanilide or form- 
anilide in the presence of phosphorous 
oxychloride has been known for some 
time, but only recently has the method 


found extensive application. The patent 
literature lists numerous examples of its 
use in introducing nuclear aldehyde 
groups into phenol ethers and tertiary 
amines. Aromatic hydrocarbons contain- 
ing particularly reactive positions such 
as anthracene, pyrene, acenaphthene, 
and 1,2-benzanthracene have afforded 
aldehydes in yields in excess of 70 per 
cent (4). 

The reaction is usually carried out by 
mixing the reagents and allowing them 
to stand at room temperature or by 
heating them at 100°. Often the addition 
of a solvent such as ether, benzene, or 
o-dichlorobenzene is necessary in order 
to effect solution of the aromatic com- 
pound. The mixture, which probably 
contains (III) as the intermediate, is hy- 
drolyzed by means of sodium acetate or 


ArH + 





| HOH 
ArCH==N—Ph 
| OH™ 
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(111) 


ArCHO 











alkali, and the aldehyde is isolated by an 
appropriate procedure. 

The Reimer-Tiemann reaction has the 
advantage of making available certain 
ortho-hy droxyaldehydes which cannot be 
prepared conveniently by other methods. 
It is carried out by adding chloroform to 
a refluxing alkaline solution of the cor- 
responding phenol. After acidification 
the reaction mixture is steam-distilled 
and the aldehyde isolated from the dis- 
tillate (5). 

Because of undesirable side reactions 
of which the most important is the reac- 
tion between the intermediate salt of 
o-dichloromethylphenol and unchanged 
sodium phenylate to form compounds of 


¢- 
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ONa 
CHCls ri 
ArOoH ————_—s->o-Ar wt 
NaOH 
CHCl. 
ONa OH 
Fc H.0 ? 
o-Ar ——— o-Ar 
HCl ma 
CH(OAr)2 CHO 
(IV) 


the type (IV), yields greater than 35 per 
cent are rarely obtained. This limitation 
Is a serious disadvantage from the pre- 
parative point of view. 


Indirect Methods 


The introduction by Sonn and Miiller 
of stannous chloride for the reduction of 
imide chlorides provided an excellent 
indirect method for preparing aldehydes 
from aromatic acids. The imide chloride 
(V) is usually prepared by the action of 
phosphorus pentachloride or thionyl 
chloride on the anilide, after which the 
crude chloride is added to an anhydrous 
solution of stannous chloride in ether 
saturated with hydrogen chloride. The 
double salt (VI) which precipitates is 
hydrolyzed directly to the aldehyde. 
This reaction is somewhat subject to 


PCI; or 
ArCONHPh -— 
SOC]. 
SnCle 
ArCC|=NPh -—-—— 
HCl 
(V) 
H+ 
ArCH==NPh - HCl + SnCl ——+ ArCHO 


(VI) 


hindrance, but even so the yields are 
rarely less than s0 per cent (6). 

The Stephen procedure resembles the 
above method closely in that it 1s a 
reduction of an imide chloride (VII) by 
stannous chloride. A nitrile 1s added to 
the ethereal solution of stannous chloride 
and the precipitated double salt (VIII) 
is hydrolyzed by dilute acid. The reac- 


tion is not as general as Stephen at first 
claimed, and it is much more subject to 
hindrance than the Sonn-Miiller meth- 
od (7). This method has found recent ap- 
plication in the synthesis of compounds 
related to thyronine. 


HCl SnCl. 
ArCN ———+ | ArCCI-=NH 
HCl 

(VII), 


H+ 
(ArCH==NH - HC]).SnCh ————» Ss ArCHO 


(VIII) 


The basis for the success of the Rosen- 
mund method is the highly selective re- 
ducing action of hydrogen on acid chlo- 
rides in the presence of palladium precip- 
itated on barium sulfate. Ordinarily, 
the catalyst is “poisoned” by adding a 
sulfur-quinoline preparation to prevent 
the reduction of the aldehyde formed, 
but numerous reductions have been ef- 
fected in which no poison seemed neces- 
sary. To obtain the best results, it is 
generally necessary to purify the acid 
chloride carefully. The reduction is usu- 
ally carried out in boiling xylene, and the 
course of the reduction is followed by 
titrating the hydrogen chloride liberated. 
Substitution and hindrance have little 
effect on the reduction, and the condi- 
tions are mild enough so that nitro 
groups are not reduced (8). 

Since aromatic acids are readily avail- 
able by general preparative methods, the 
Sonn-Miiller and Rosenmund methods 
are particularly valuable. The yields 
from the two procedures are comparable, 
and except in isolated instances either 
method can be used. 


Reactions with Grignard Reagents 


Of the numerous aldehyde syntheses 
in the literature involving reactions with 
Grignard reagents, only four have been 
used with much success in the aromatic 
series. These involve treatment of the 
Grignard reagent with one of the follow- 
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ing reagents, followed by hydrolysis: (1) 
ethoxymethylene aniline (PhN==CHOC:H;), 
(2) ethyl orthoformate, (3) disubstituted 
formamides (e.g., N-methylformanilide), 
and (4) carbon disulfide. In the last 
method the dithio acid obtained 
treated with semicarbazide, with forma- 
tion of the semicarbazone of the corre- 
sponding aldehyde, which is hydrolyzed 
to the aldehyde. 

Smith (g) found the first of these to be 
the most reliable method, but it has the 
disadvantage that ethoxymethylene ani- 
line is dificult to prepare and is expen- 
sive. The next two are quite successful in 
certain cases and are generally superior 
to the last method, which gives rise to 
undesirable side reactions and is subject 
to hindrance. 

A reaction which employs the rela- 
tively easily prepared chloromethyl com- 
pounds i is that introduced by Sommelet 
in which the chloromethyl compounds 
are boiled with hexamethylenetetramine 
in alcoholic solution. The aldehyde is 
produced directly and often crystallizes 
from the solution. The application of this 


method is limited by the availability of 


the chloromethyl compound, and by the 
fact that it may fail in extremely hin- 
dered cases. 


The most recent method involves the 
decomposition of arylsulfonacylhydra- 
zides by alkali carbonates in ethylene 
glycol or glycerol solutions at 160~200°. 
The decomposition presumably takes 
place via the intermediate benzoyl di- 
imine (IX) which loses nitrogen (so). 


ArCONHNHOSO:Ph ———=+ 
(ArCON—=NH] 
(IX) 


—— Ss ArCHO 


The use of this procedure in syntheses 
in the thyronine series indicates its pre- 
parative value, although other methods 
starting from aromatic acids are more 
desirable where they are successful. 
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